Introduction
Clinical manifestation of Goodpasture's syndrome is usually characterized by the combination of glomerulonephritis and diffuse alveolar haemorrhage accompanied by anti-glomerular basement membrane (GBM) antibodies in serum or tissue. In >90% of patients with Goodpasture's syndrome, anti-GBM antibodies can be detected in the serum [1] . Only 2% of the patients develop diffuse alveolar haemorrhage without clinically evident renal disease. Typically, young male smokers are affected by Goodpasture's syndrome [2, 3] . Here, we report the case of a 27-year-old Polish man who developed massive pulmonary haemorrhage without any clinical signs of renal dysfunction. Moreover, no circulating anti-GBM antibodies were detectable in his serum using common laboratory methods.
Case
A 27-year-old male patient who had a history of heavy smoking (15 pack-years) was referred to a local hospital after 1 week of dyspnoea and haemoptysis. He did not use any drugs nor any prescribed medication, in particular he did not take antithyroid drugs and antiplatelet agents. He was a migrant worker from Poland, who worked in a nursery and was not in contact with any toxic liquids or gases. Severe respiratory failure required intubation and mechanical ventilation. With suspected acute respiratory distress syndrome as a result of sepsis, the patient was then transferred to our centre. Upon admission, the patient's haemoglobin was 5.1 g/dl. After blood transfusion, there was no further decrease in haemoglobin. The patient had no history of renal or pulmonary disease. A thoracic computed tomography (CT) scan showed distinct bilateral infiltrates sparing only the right upper lobe segment of the lung (Figure 1 ). On bronchoscopy, diffuse bleeding was detectable.
Bacterial cultures obtained during bronchoscopy and virus serology were repeatedly negative. In particular, mycobacteria, toxoplasmosa, mycoplasma, legionella, influenza, parainfluenza and Pneumocystis jiroveci were excluded in repeated investigations. Immunological laboratory tests repeatedly showed negative titres for anti-GBM (QUANTA LITE TM GBM Inova Diagnostics, San Diego, CA), indirect immunofluorescence (IFT) for antinuclear cytoplasmic antibody (ANCA; Inova Diagnostics, San Diego, CA) as well as antinuclear antibody (ANA; IFT, Biorad, Mu¨nchen, Germany), antithyroid antibodies (enzyme immunoassay, Biorad, Mu¨nchen, Germany), cryoglobulins and antistreptolysin antibodies. All tests were repeated three times within a period of 8 weeks. Importantly, renal function seemed to be completely unaffected. Serum creatinine was normal (0.89 mg/dl) and urine sediment not active. However, calculated glomerular filtration rate (GFR; MDRD4) was 43 ml/min/1.73 m 2 indicating renal impairment. The urine analysis repeatedly showed no blood or protein. Quantitative urine protein analysis was negative for protein (cut-off <116 mg/l).
In view of a suspected immunological disease, we decided to start a 6 day course of intravenous methylprednisolone (500 mg/day) that led to slight improvement. The patient relapsed with pulmonary haemorrhage when steroid medication was reduced to 100 mg/day. At this time, a lung biopsy was obtained thoracoscopically. Besides diffuse intra-alveolar haemorrhage (Figure 2A and B) , histology showed faint but linear deposition of IgG antibodies along the alveolar basement membrane and the alveolar capillary walls ( Figure 2C and D The immunohistological findings were not definitively specific, but were, however, compatible with Goodpasture's syndrome. One may speculate that Goodpasture's syndrome was anticipated, diagnosed and treated at a very early time point of the disease process so that only focal linear deposition of the antibodies could take place in the alveolar basement membrane. In view of this histology, we consequently started plasmapheresis treatment (six sessions against 4000 ml of fresh frozen plasma within a period of 14 days). Additionally, intravenous cyclophosphamide (750 mg) pulses were given every 18 days starting on day 10 after admission. In total, the patient received three cyclophosphamide courses as an in-patient.
During treatment with steroids, cyclophosphamide and plasmapheresis, pulmonary haemorrhage decreased. Subsequently the patient improved, weaning was successful and no further artificial respiration was necessary. Mechanical ventilation was required until the 20th hospital day. In the following weeks, his condition ameliorated and a 99mTc-DTPA Goodpasture's syndrome with massive pulmonary haemorrhage 527 clearance to determine GFR by means of a gold standard procedure showed a considerably reduced GFR of 55.7 ml/min/1.73 m 2 .
Discussion
Here we describe the case of a 27-year-old male patient who developed a GBM antibody-negative Goodpasture's syndrome with massive pulmonary haemorrhage without evident renal failure although calculated GFR was considerably reduced. More than 90% of patients with Goodpasture's syndrome have circulating anti-GBM antibodies in the serum [1] . Circulating antibodies against the NC1 domain of the a3 chain of type IV collagen react with the basement membrane of pulmonary alveoli and the GBM [1, 4] . The disease occurs twice as often in men than in women. Usually, patients at the age of 20-30 are affected [4] [5] [6] . However, a second peak of incidence is well known to occur in the fifth and sixth decade. The aetiology of anti-GBM antibody production is not completely understood, but environmental factors such as cigarette smoking, drug use and virus infections have been considered as causative agents [4, [7] [8] [9] [10] . Smoking is not involved directly in the production of antibodies but may precipitate haemorrhage in the presence of autoantibodies. Our patient showed a severe pulmonary haemorrhage with a decrease in haemoglobin to 5.1 g/dl but normal creatinine and urine sediment. Further, no anti-GBM antibodies were detectable in the serum. For these cases, some authors propose antibody detection using a highly sensitive biosensor system [11] . After exclusion of other differential diagnoses such as drugs, toxins, viral and bacterial infections, or exacerbation of tuberculosis, an immunological disease was likely. To confirm diagnosis in this very critical situation, it was necessary to perform a lung biopsy. In patients in whom the aetiology of pulmonary haemorrhage is still in question after thorough clinical evaluation, including bronchoscopy, or in whom the underlying cause of pulmonary haemorrhage is still unclear after appropriate serological testing, a surgical biopsy should be performed [1, 12, 13] . Some authors postulate that surgical lung biopsies are useful to confirm pulmonary haemorrhage but are unable to identify the underlying course [1, 12, 13] . They prefer renal biopsy to confirm a diagnosis. In contrast to this concept, we took a surgical lung biopsy, keeping in mind the virtually unaffected renal function.
To authors who prefer renal biopsy, we have to concede that lung biopsy of this patient did not show a bright and perfect linear staining of the alveolar basement membrane. In contrast, although faint, we found focal linear IgG depositions that were compatible with Goodpasture's syndrome. It is conceivable that the patient presented at a very early stage of the disease process so that especially after initial methylprednisolone therapy only focal linear deposition of the antibodies could take place in the alveolar basement membrane. This also would be in line with the negative anti-GBM antibody results. In this context, it should be considered that these anti-GBM antibodies may be of high affinity and therefore exist solely in a tissue-bound form and hence are not detectable in the circulation. Nevertheless, all findings together with the patient's clinical presentation provided strong evidence to start an aggressive treatment regimen comprising corticosteroids, cyclophosphamide and plasmapheresis [1, 14, 15] .
Since Goodpasture's syndrome in the absence of anti-GBM antibodies is a rare differential diagnosis of pulmonary haemorrhage that may be very intricate to prove, a note of caution is mandatory before Goodpasture's syndrome may be diagnosed and aggressive treatment is initiated. Despite the suggestive context of all clinical features and the full remission under typical immunosuppressive treatment, the truth may still be elusive without decisive histology.
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